224 IEEE COMMUNICATIONS LETTERS, VOL. 7, NO. 5, MAY 2003

Performance Evaluation of TH-PPM UWB Systems
In the Presence of Multiuser Interference

G. Durisi, Student Member, IEEEBNd S. Benedettd-ellow, IEEE

Abstract—This letter presents a new method for the evaluation ~ In Section Il the problem of the BER evaluation in an asyn-
of the pit error probability of atime hopping binary pulse pOSiti.OI’l chronous UWB system employing random hopping sequences
ultra-wideband modulation scheme, in the presence of multiuser jq formylated and GQR technique is presented:; in Section Il a
interference. The technique permits to predict the system perfor- - . .
mance with high accuracy and reasonable complexity. A perfect _methoq for evaluating the MUI _moments !S proposed. Flnally,
agreement with simulation results is shown, and a comparison with in Section IV some results obtained adopting this technique are
the Gaussian approximation is presented. illustrated together with a comparison with curves obtained by

Index Terms—Gaussian quadrature rule, multiple access, ultra- Simulation and using the Gaussian approximation.
wideband (UWB) communications.

II. BER EVALUATION IN THE PRESENCE OFMUI

|. INTRODUCTION An UWB TH-PPM signal can be described as [1]:

LTRA-WIDEBAND (UWB) technology has been re- +o0 i i
cently proposed as a viable solution for high-speed indoors ™ (t) = Z VE:w (t =T — cg- T, - ‘5O‘(Lj>NsJ) (1)
short range wireless communication systems, because of its j=—o0

robustness to severe multipath conditions and low cost and Iov% M (1) is th q deling the sianal
power implementation. wheres'®)(t) is the random process modeling the signal trans-

Time Hopping combined with pulse position modulatiofnitted by thekth user, and (¢) is the reference pulse, normalized

(TH-PPM) has been the original proposal for UWB systeni that [ (1)) dt = 1, and with autocorrelation function
[1]. An analysis of this modulation and multiaccess schemd?)- The energy tkransmntedkfor each pulse is therefbire
performance in terms of bit error rate (BER) and capacity hasThe TH code{c§» )}, 0< c](» ) < Ny, Y k, provides an ad-
been proposed in [1] and [2] for AWGN channel. In both papertional shift (in multiples of the chip tim&?), in order to re-

the multiuser interference (MUI) is modeled as a zero-mealuce collisions effects in multiple access. As the system is not
Gaussian random variable; this assumption, usually callegnchronous, the choice of orthogonal hopping patterns does
“Gaussian approximation” or “standard approximation,” is natot guarantee collision-free transmission. In our analysis, hop-
accurate enough to predict DS-CDMA system performanging sequences will be modeled as independent random vari-
[3]. In [4] it is shown, by comparison with simulation resultsables (RVs)cgi) will be then a discrete RV, taking values in the
that this technique may significantly underestimate the BERterval[0, N;, — 1] with equal probability.

also for TH-PPM systems. The binary information strearo!" | is transmitted em-

In this letter, we propose a method to evaluate the BER perfofinying a PPM modulation format, introducing an additional
mance of TH-PPM in the presence of MUl and AWGN channedpitt (5), used to distinguish between pulses carrying the bit
based on Gaussian quadrature rules (GQR). This technique Wagq the bit 1. Each information bit is transmitted usikg
successfully employed for the performance evaluation of Mlnsecutive pulses, leading to AL, 1) repetition code. The re-
tilevel digital S|gna_\ls WI'Fh mte_rsymbol mte_rfer_ence [5], and _Ogulting information bit rate is thug, = (N, 7).
noncoherent receivers in optical communication [6]. If applied The frame time is assumed to be an integer multiple of the
to UWB system performance analysis, its main advantage isctﬁaip time, that isf’; = N, 7,, with N;, € N. Denoting?}, the
overcome the problem of exactly evaluating the MUI probabilityme extension of the transmitted waveform, it is also required
density function (pdf), a cumbersome problem as shown in [%ath +6<T..
by requiring only its moments estimation. Furthermore, itis able Assuming ideal free-space propagation, ANGN channel and

to predict the BER with the necessary accuracy in most of 4@ fect power control [1],wheiV, users are transmitting, the
practical cases, with limited computational complexity. received signal is
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The receiver is assumed to be a single-user correlator tiidese polynomials can be shown to satisfy a three terms re-
adoptsu(t) = z(t) — z(t — ) as correlation waveform. This currence relation [9], whose coefficients are used to construct
receiver is obviously not optimum in presence of MUI intera three-diagonal matrix. The quadrature rule can be finally gen-
ference. User 1 is the “useful” user that we want to receiverated by computing the eigenvalues and the first component of
and a perfect knowledge of its time hopping patt rzﬁ to- the normalized eigenvectors of the matrix. Adopting the algo-

gether with an ideal synchronism between transmltter and fithm proposed in [8], only the knowledge of the fitsV — 1
ceiver, is assumed. Without loss of generality we will furthehoments ofX is required in order to generate a GQR formula
imposer; = 0 andc(l) =0,V j. The repetition decoder output, based onV points. In Section Ill we present a technique for

whena((] )is transm|tted, can be written as evaluating the moments of the MUL.

W Ns—1  o(m41)T5 [ll. EVALUATION OF THE MUI M OMENTS
Ay’ = t)v (t —mTy)dt . . .
0 mz_o ./mTf y(t)v (t — mTy) In order to simplify the approach, the evaluation of fig:)
_s0 N 3) will be carried out in two step:
—%0 T IMULO TG0  evaluation of the conditional probabilityP(e|r),
where T=(m2,...,7N,)
N » computation ofP(e) with a semi-analytic method, as-
_Jr (k) suming the RVr;, j = 2,..., N, uniformly distributed
n =\ FE Narir 4 7 5 )
MULO Z MULO @ over the bit intervall, = N,T.
N.—1 For the first step the knowledge of the fits¥ — 1 conditional
”MUI 0= Z ”iTUIf ) (5) moments ofyur,o is required. We will now illustrate a method
for performing this task.
(m.k) <m+1) f Replacingt — mT with z in (6) leads to
nMUIO_/T v (t —mTy)
Jmlf m.k . k
I , * ) nl(\IUI)O = Z / +(m— )Ty — 0§- T,
) Z x (t — Ty —¢; T — bo) x| — Tk) dt j=—o00 N
j= ) j:éa Li/N. Tk) dz. (9)
is the multiuser interference term we want to characterize, Whﬂ'@en, defining
301) andng,o are the contributions tmél) coming from user 1's f(_k) (k)T —s5a® .
useful signal and Gaussian thermal noise. Conditioning on MUI ' . /N T TR
we obtain ¢ e [~(Ny, — )T — 6 — NIy, 0]
P(e)= E lerfc ( )+ NMUT,0 @ and noting that the region where the integrand in (9) is nonzero
UL 9 \/_anG . ' is fully contained inside the region of integration, the sum over
j can be limited taV, + 1 contributing terms
The exact computation of (7) requires the evaluation of the
MUl pdf gnd the computatllor.l.of the average, by solving the as- ”(\1131)0 _ Z r (ék) + (m — j)Tf>
sociated integral. The feasibility of the first step was analyzed in J=mN.
[7], where a closed-form expression for the MUI pdf was eval- N,
uated, bas_ed onan gpproximation of _ﬂi%'f?o pdf..However,. =N'T (Sr(n) + _]Tf) (10)
the result is still unwieldy for a numerical evaluation of the in- —0

tegral in (7).

A more practical approach is given by the GQR method pratherel(£) = v(£) —v(€+6). Theff-k)’s, givenry, are identi-
posed here. This technique can be adopted since the BER ceally distributed RVs, correlated because of the repetition code.
putation involves averaging a generic functign) with respect Defining
to the RV X, whose pdf is unknown. According to the GOR

technique, the integral we are dealing with can be computed in NS 11" (5( ) 4 ij) i>0
the following way: A (fll(k)) _ NJZO B (11)
° ZF(S -I-JTf) i<0
/ g(x)fx (z dﬂ?—zwaﬂn )+ En (8) =il
‘ then

where{z;} and{w;} are the abscissas and the weights asso- N1
ciated with the quadrature rule, whose values depend on the (k) N (k)

NN . ; . = A; A (€
giveninterval of integration and on the pf (=), andE y is the “UI o= Z (f ) * Z ’ (fl )
truncation error. The abscissae and weights can be computed by (k) *) (k) k)
finding a set of orthonormal polynomials with respecfte(x). =Nyt ( 1) + nyure ( ) (12)
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TABLE | 10°
VALUE OF THE PRINCIPAL PARAMETERS FOR THEANALYZED SYSTEM
| Parameter | Symbol | Value |
Time decay constant tn 0.2877 ns
PPM delay é 0.15ns
Frame width Ty 7.2ns
Chip width T. 0.9ns
Number of chip per frame | Ny, 8
Number of users N, 8
Rep. code length N, 2,4
Number of GOR points N 7 AR S AU 4w
—GaR Ty ' SRER SR ke
v (s;i?r?:f' Approx
where we have separated the terms characterized by the same 1 2 ; p 5 5 P v T
transmitted bit and grouped them in two independent RVs. The E,/N, (48)

i 3 _ (k) (k)
evaluation of the firse V. — 1 moments OanULO (ai )’ for Fig. 1. Probability of error of a TH-PPM system. Repetition codes of length 2

i = —1,0, can be obtained by conditioning )"’ and 4 are considered, = N.E,.

B (18nof@) | = | (o)

(= 0)} In Fig. 1, BER curves of a TH-PPM system are presented, for

1 . two values of the repetition code length; the results obtained by
+ o {(”1(»’%1 O(Q)) (o= 1)} . simulation are compared with those employing GQR and the
2 ’ Gaussian approximation technique. Curves with GQR method

(13) are obtained averaging over 1000 realizations of the vector
7, and settingV = 7, the maximum number of points we

Finally, observing that found before experimenting numerical problems due to ill-

Np—1 conditioned matrix. For the analyzed configurations, GQR
feja(Ela=a) = N, Z ép(z+hT.+da+ 1) (14) shows an almost perfect agreement with simulated curves.
" h=0 Furthermore, it requires a limited computational complexity,

if compared with simulation, an impractical approach for UWB

v _ - *) . . systems performance evaluation, because of the large bandwidth
Li.d. RVs, if conditioned onx )y |, it is possible to apply of the transmitted signals. Finally, the technique described here
the technique described in [9, Appendix E] for the evaluatiathn be appropriately generalized to also account for the effects

of the conditional moments in (13). The same technique cgf multipath channels and absence of power control.
be employed to compute the momentsmafur, because of

(where ép(z) is the Dirac delta function) and thﬁﬁk) are
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